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A B S T R A C T 
The oxygen consumption and heart rate response of nine subjects was 
measured in the laboratory during five minute bouts over five activities. 
Prediction equations using the method of least squares were developed to 
estimate oxygen consumption from heart rate using six different approaches 
and three relationships. The total oxygen consumption for the full twenty five 
minutes of activity was calculated using three different calculation methods 
and the results compared to the measured volume over the same period. In 
addition a field study was undertaken over three days during which the 
subject's heart rate response to a full day's work shift was recorded. On one 
of these days each subject's physical activities was observed, recorded and 
coded by the researcher. The field study demonstrated that heart rate 
responses in the field were consistent with those obtedned in the laboratory. 
It also demonstrated that estimates of energy expenditure rates calculated from 
the prediction equations yielded results consistent with those in the published 
literature. 
Minute by minute heart rate values substituted in the prediction equations 
yielded more accurate results than the use of mean values for both individual 
and group results regardless of which equations were used. The use of 
individual specific activity equations produced estimates of oxygen 
consumption within less than one percent of the measured volume. When a 
single equation that bracketed the expected heart rate ranges was used there 
was a small decrement in rehabiUty for both individual and group results. 
Individual results were best predicted using individual equations and group 
results were best computed using group data. No advantage was found in 
using net heart rate rather than gross heart rate. The project demonstrated 
the heart rate method to be a reliable approach to estimating the oxygen 
consumption of a subject's physical activity in a work environment. 
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T N T R O D U C T I O l S r 
To overcome the limitations imposed by calorimetry or direct measurement of 
oxygen consumption to ascertain energy expenditure in an occupational 
environment several indirect methods have been proposed and util ised. These 
have included questionnaires and interview (Montoye 1971, Taylor et al 1978), 
measurement of caloric intake (Buskirk et al 1971), use of devices such as 
actometers (Avons et al 1988), accelerometers (Montoye et al 1983), 
pedometers (Saris et al 1977), and the use of hear t ra te monitoring (Booyens 
and Hervey 1960, Goldsmith et al 1966, Bradfield 1971, Bradfield and Chan 
1971, Bradfield, Paulos and Grossman 1971, Warnold and Lenner 1977, 
Christensen et al 1983). The advantages and disadvantages of these indirect 
methods have been the subject of review (Montoye and Taylor 1984) and a 
number of vahdation studies (Bradfield, Huntzicker and Fruehan, 1969,1970, 
Andrews 1971, Payne 1971, Washburn and Montoye, 1986) . 
Of the above methods the hear t ra te technique has part icular appeal in that it 
measures a direct physiological parameter and advances in technology permit 
its measurement and data collection by ve ry compact, easily worn, non 
invasive or encumbering devices that do not in ter fere in the performance of 
tasks by subjects . The method is based on the assumption that a close linear 
relationship exists between heart ra te (HR) and oxygen consumption (V02) or 
energy expenditure (E) . Put simply, the method monitors heart ra te of the 
subject and subst i tu tes these values into a prediction equation developed from 
regression analysis, generally by the method of least squares . The 
relationships used being either V02/HR or E/HR where E might be calculated 
by use of a formula such as that of Weir (1949). 
The development of the prediction equations ut ihses a calibration process in 
which subjects have their oxygen consumption and hear t ra te simultaneously 
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measured as they undertake various physical activities between a state of rest 
and moderately active tasks such as stepping, jogging or cycUng. This 
process is more often than not undertaken in a laboratory setting. As shall 
be discussed later opinion varies within the literature regarding the prediction 
equations and their use, for instance whether separate equations for specific 
activities are required or whether one single equation will suffice or whether 
gross heart rate or net heart rate should be used. Of concern to researchers 
has also been the reliability of determining individual results from group data 
in these equations. 
To date researchers have taken a common approach to the calculation of energy 
expenditure over the measurement period. This has involved determining the 
mean heart rate over the measurement period or the mean heart rate whilst 
undertaking specific tasks and substituting that value in the equation for the 
period of time spent in that activity. 
Given the divergence of opinion, the variety of methods utilised, and the 
range of results obtained it is difficult to determine from published work the 
suitability of the heart rate method for the measurement of energy 
expenditure. In this project I have further investigated the heart rate method 
by undertaking calibration and developing prediction equations using the 
approaches suggested in the literature. I have then used these equations to 
estimate oxygen consumption over a given period of time and compare the 
results obtained with the measured consumption over that time. I have 
calculated results using mean data and minute by minute data taken during 
exercise. The applicability of the various methods will be discussed in terms 
of suitability for use in projects requiring individual results or projects where 
group results are being sought. 
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C H A I > T E R O l S T E 
L I T E R A T U R E R E V I E W 
1.1 The energy heart rate relationship 
Oxygen up take (V02) is the p roduc t of cardiac output (CO) and ar ter ial-mixed 
venous oxygen d i f ference (a-V02d) and cardiac output is the p roduc t of 
s t roke volume (SV) and hear t ra te (HR) (Mitchell et al 1958). Therefore V02 
is the p roduc t of SV,HR and a"V02d. During physical act ivi ty V02 and CO 
both increase markedly. However the increase in SV and a-V02d are much 
less . The increase in V02 measured du r ing increas ing physical act ivi ty is 
largely dependant on the increase in HR. (Bruce 1984). Hence there is a close 
relat ionship between V02 and HR. For over e ighty years this l inear 
relat ionship between oxygen consumption and hear t ra te has repeatedly been 
confirmed. 
The relat ionship may not be continuous th rough the ful l range of act ivi ty . 
Booyens and Hervey (1960) identified two dist inct linear relat ionships of 
d i f fe ren t slope when simultaneous measurements of hear t ra te and oxygen 
consumption were taken du r ing passive activities of lying, s tanding and 
s i t t ing when compared to moderate exercise on a bicycle ergometer . This 
non-hnear relat ionship was also observed b y Washburn and Montoye (1986) 
between r e s t and leg cycling. They noted the re appeared to be a l inear 
relat ionship between HR and log V02. 
Dur ing r e s t in d i f fe ren t body posit ions, and whilst unde r t ak ing physical 
act ivi ty us ing d i f fe ren t muscle g roups , considerable variation in the 
charac ter is t ics (slope and in te rcept ) of the hnear relat ionship has been 
demonstrated (Weng 1960, Andrews 1969,1971, Taguchi and Horvath 1987). 
Using p u b h s h e d data fo r oxygen consumption and hear t r a te from four teen 
Hannam 4 
other studies and one study of their own, Payne and colleagues (1971) 
demonstrated that over a range of energy expenditure between 2 kcal/min and 
23 kcal/min the energy expenditure relationship with heart rate was Linear, 
however slopes and intercepts were shown to vary according to sex and state 
of training. Age was shown to have Uttle effect on either slope or intercept of 
the graph relating heart rate and energy expended. In the same posture and 
state of training they found heart rate increased more rapidly in males than 
females. They found that the intercepts were subject to greater variation than 
the slopes. 
1.2 Effects on heart rate independent of energy production. 
Although the consumption of oxygen for the production of metabohc energy to 
meet muscular demand may be the largest influence on heart rate it has been 
shown that heart rate is influenced by a number of other factors. These 
factors may impact upon the oxygen consumption heart rate relationship. The 
heart rate also responds to factors such as blood pressure and blood volume. 
Heart rate variation attributable to these may not be associated with changes 
in oxygen consumption. Likewise heart rate has been shown to increase to a 
greater extent than oxygen consumption during psychological stress. Turner 
and Carroll (1985) found heart rate responses to be elevated 9 beats per 
minute during video games and 12 beats per minute during mental arithmetic 
for their subjects over baseline readings during rest. There was no 
simultaneous elevation of oxygen consumption. Ambient and body temperature 
will affect heart rate response. Hot humid conditions elevate heart rate more 
for a given work load than the same work undertaken in thermoneutral 
conditions (Sengupta et al 1979, Kaciuba-Uscilko and Kruk 1989, Smolander et 
al 1990). Heart rate has also been shown to exhibit circadian variation in 
response to physical work (Ilmarinen et al 1980). Highest heart rate 
responses were found to occur in late afternoon and lowest in early morning. 
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1.3 Calibration protocols and prediction equation development. 
The published protocols for the simultaneous measurement of oxygen 
consumption and heart rate to develop a prediction equation fall into two major 
categories. Several protocols proposed a single equation applicable to a 
number of activities spanning a range of exercise intensities from rest to 
moderately active, others proposed that a separate equation is necessary for 
each activity or group of activities. 
Using six subjects Booyens and Hervey (1960) collected heart rate and oxygen 
data whilst their subjects lay supine, were seated and were standing. Heart 
rate was measured by palpation and oxygen collected in Douglas bags. They 
also collected these data during three bouts of exercise on a cycle ergometer at 
different workloads, at heart rate increments of ten beats per minute. In 
addition two of the subjects also underwent data collection whilst stepping on 
and off a twelve inch high stool at three different speeds and walking and 
cycling outdoors. In these exercises they collected oxygen in a respirometer. 
They calculated metabolic rate expressed as Kilocalories per square metre of 
body surface area per minute (Kcal.m"^.min"^^ from the measured oxygen 
consumption using tables prepared by Lusk, Cathcart and Cuthbertson 
(1931). A graph showing the relationship between heart rate and metabohc 
rate for each individual was plotted for each activity. Booyens and Hervey did 
not develop equations but utilised graphical methods. They concluded that 
individual cahbration was necessary and the calibration activity must closely 
relate to the activity under investigation. 
The work by Bradfield (1971) and Bradfield Paulos et al (1971) and that of 
Bradfield Chan et al (1971) relied on the development of a single regression 
equation using simultaneous measurement of oxygen consumption and heart 
rate during supine rest and whilst stepping up and down on a step at varying 
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speeds to elicit a range of heart rate responses up to 160 beats per minute. 
Energy expenditure was computed from oxygen consumption using the formula 
of Weir (1949). 
Andrews (1969, 1971) developed regression equations using both a single task 
approach and a group task approach. He used over fifteen different tasks and 
grouped them into four categories depending on posture or muscle group 
involvement. These groups were 1) tasks performed whilst standing, 2) 
tasks performed whilst walking, 3) tasks performed whilst bent over at the 
waist and 4) tasks that include repetitive bending over at the waist and 
straightening up. 
Warnold and Lenner (1977), using portable respirometry equipment and 
telemetered heart rate data developed their equations whilst their subjects 
were lying, sitting, standing and whilst undertaking normal day to day 
functions (not specifically described) in an occupational therapy department. 
Energy expenditure was calculated from the oxygen consumption, corrected 
for respiratory quotient using the relationship described by Lusk, Cathcart 
and Cuthbertson (1931). They found no advantage in using different 
equations based on body position compared with a single equation based on a 
range of activities. 
Washburn and Montoye (1986) developed their prediction equations using the 
HR/VO2 relationship. Their subjects underwent five minute bouts of sitting 
and sanding rest, arm cranking at four workloads (5,10,30 and 50 watts) and 
leg cycling on an ergometer at zero load and at 25,50 and 100 watt workloads. 
They concluded that prediction equations developed from data collected from 
dynamic leg exercises are ineffective in estimating energy expenditure of tasks 
of daily hving. 
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A frequent observation in the research described above has been the wide 
differences in the slopes and intercepts of the regression equations for the 
relationship between heart rate and energy expenditure between subjects. 
This situation creates difficulties in predicting individual results from 
equations not specific to that individual or from pooled or mean group data 
(Booyens and Hervey 1960, Bradfield et al 1970, Warnold and Lenner 1977). 
A number of explanations for these differences are possible. Other influences 
may confound the relationship between heart rate and oxygen consumption 
such as psychological stress, the influence of temperature and perhaps 
postprandial status, or the presence of caffeine or other drugs. The slopes 
and intercepts of the equations developed by Payne et al (1971) displayed 
significant enough variation to suggest that state of training be a criteria to 
justify a different set of equations. Andrews (1971) suggested that this may 
be overcome by using net heart rate rather than gross heart rate. This 
notion has an attraction because it has been frequently observed that trained 
individuals experience lower resting heart rates than their untrained 
counterparts. This has been attributed to increased stroke volume in trained 
subjects (Andrew et al 1966) and greater parasympathetic hormone influence 
(Scheuer and Tipton 1977). Results obtained by Washburn and Montoye 
(1986) demonstrated that the net heart rate method to estimate energy 
expenditure had more promise than alternatives based on gross heart rate. 
However their criterion measure was another indirect technique, a diary and 
tables method. 
Inability to obtain rehable individual results from equations developed from 
pooled results from a number of subjects is a problem with the heart rate 
method (Andrews 1971). For epidemiological studies in which the energy 
expenditures of a group are required it could be argued that group prediction 
of energy expenditure from pooled heart rate data may be more applicable. 
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1.4 Criterion measures. 
Another feature of the published studies that makes assessment of results 
difficult or conclusions questionable has been the varied methodology or the 
critera against which the various measures have been compared and from which 
conclusions were drawn. Several studies have used the more reliable method 
of direct measurement of oxygen consumption (Booyens and Hervey 1960, 
Andrews 1969, Bradfield Huntzicker et al 1969). Others have compared 
energy expenditure results obtained from prediction equations with energy 
expenditure tables from the literature (Washburn and Montoye 1986), caloric 
intake and body potassium readings (Warnold and Lenner 1977). Others have 
relied on repeated measures over several days (Christensen et al 1983) or 
simply rehed on mathematical comparisons such as the correlation coefficients 
or the standard errors of the prediction equations developed (Andrews 1971, 
Payne 1971). 
1.5 Summary of methodological Issues and the implications. 
A number of issues noted in published research remain uncertain, most 
noticeable being specificity. For example, the effects of posture and the 
different muscle groups involved in the activity. Are these factors sufficient 
to require the use of separate equations to compute energy expenditure from 
heart rate for activities with different posture or using different muscle 
groups as suggested by Andrews (1969, 1971) and Payne (1971)? Will a single 
equation suffice as long as the cahbration protocol involved a range of 
exercises in a similar heart rate range to those expected in the field situation 
as suggested by Bradfield (1971), Bradfield Chan et al (1971), Bradfield 
Paulos et al (1971) and Warnold and Lenner (1977)? The most significant 
implication being that if it is necessary to use posture or muscle group specific 
equations then it is also necessary to use an observer or a diary technique in 
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addition to heart rate monitoring to gather data on heart rate and relate to 
energy expenditure. This can be a problem in large projects or projects over 
an extended period. 
Secondly, the use of net heart rate was suggested by Andrews (1971) as a 
means of correcting for fitness levels. Estimations of energy expenditure 
obtained by Washburn and Montoye (1986) using net heart rate methods 
compared to a result obtained using a diary and tables method overestimated 
by 12%. This compared favourably with the other methods they used involving 
gross heart rate methods, which had errors of 19% and 22%. Their net heart 
rate method was developed from measurements on a cycle ergometer which may 
not have been an appropriate indicator for the actual activities undertaken 
during the measurement period. 
In summary, it is agreed that it is difficult to obtain acceptable estimates of 
individual energy expenditure from poooled data derived from a group of 
subjects. However this method may be suitable for estimating the energy 
expenditure of large groups. 
In the past the calculations of daily energy expenditures have utilised mean 
heart rate values substituted in the prediction equations for the appropriate 
time period under study. The heart rate monitoring equipment available today 
permits measurement and storage of data in increments of time as Uttle as five 
seconds or increments of one minute. This with computer analysis suggests 
that the use of the actual heart rate reading rather than mean information is a 
viable alternative and may improve the vahdity of results. 
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C H : A I > t e r T W O 
M E T H O D 
2.1 Population and sample. 
In order to confront a variety of problems subjects were drawn from a 
population with varied daily activities. Following approval by the University of 
Wollongong Human Experimentation Ethics Committee volunteers from the 
University maintenance staff were used. They included landscape and 
grounds personnel, mechanical maintenance and cabinet making staff. Nine 
names were randomly selected to participate in the project. They were each 
provided a project information sheet (see appendix 1) describing the project 
and what would be required of them. Each subject completed and signed an 
exercise screening questionnaire and a form certifying their consent (see 
appendix 2) and a further form giving informed consent for the whole project 
(see appendix 3). 
2.2 Field study. 
Each subject took part in a field study lasting three days. On two days the 
subjects wore a heart rate monitor for the duration of their workday. On the 
third day, in addition to the monitor, they were observed by the researcher 
and their physical activities recorded. 
The heart rate monitor was a PE3000 Sports Tester (Polar Industries, 
Finland). This consisted of an electrode belt worn in contact with the skin 
around the chest. A transmitter on the belt sent the recorded heart rates to a 
receiver worn like a watch around the wrist. This was fitted to and removed 
from each subject by the researcher at the beginning and end of the workday. 
The recorder was programmed to store in memory the heart rate for each one 
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minute interval of the measurement period. After the completion of each day's 
measurements the heart rate data were down loaded to a floppy disk using a 
Sports tester computer interface device and software (Polar Industries, 
Finland). This procedure created an ascii file on the floppy disk for 
subsequent export to a spreadsheet application (Lotus 123 Release 4) and 
generated a paper hard copy (see appendix 4). 
On the day in which observation took place the researcher synchronised a 
stopwatch with the Sports tester and noted the physical activity being 
undertaken at one minute intervals corresponding to each heart rate 
measurement. 
At the end of each day each subject was asked to subjectively rate their day 
according to degree of physical activity, how each day felt in comparison with 
the other days in the field study and the level of psychological stress they 
were experiencing. They also were asked to report if they had taken any 
caffeine during their meal breaks. During the field studies there were 
occasions when the Sports testers came under the influence of electromagnetic 
activity causing erroneous readings to occur. In these instances the 
recorders indicated either a heart rate of zero beats per minute or two 
hundred and forty beats per minute. This phenomenon occurred when the 
subjects were using various motor driven tools and equipment. 
2.3 Laboratory Calibration Session. 
Each subject attended a session in the University of Wollongong Human 
Movement Laboratory. This facility was air conditioned and the ambient 
temperature was twenty two degrees celsius plus or minus one half a degree. 
Relative humidity varied between fifty eight percent and seventy one percent. 
Prior to the cahbration protocol each subject had their height, weight, waist-
3 0009 03132107 3 
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hip ratio and resting blood pressure measured. A sports tester was fitted and 
programmed to record heart rate at each fifteen second increment. Each 
subject then underwent the cahbration protocol during which their heart rate 
and oxygen consumption was simultaneously measured during six different 
conditions for sufficient time to yield five minutes of data points beyond the 
"phase delay stage" on the on line respiratory gas analysis equipment. During 
the measurement phase oxygen consumption values were recorded at fifteen 
second increments synchronised with the sports tester. 
The respiratory gas analysis equipment used was a Quinton QPlex 1 (Quinton 
Instruments, USA). 
The first measurements were made with the subject resting, lying supine. The 
order of the following conditions was randomly arranged and a rest period was 
imposed between each measurement period of sufficient duration to permit 
heart rate to return to the upper level recorded during the supine rest 
condition. The protocol for the other conditions is described as follows: 
1. Seated. The subject remained seated on an upright wooden chair. 
During the measurement period each subject was instructed to move their arms 
and hands to simulate t37pical workday activities, these being, driving an 
automobile, typing, eating a meal. 
2. Standing with light arm work. Subject stood at a table upon which was 
mounted a Monark mechanically braked arm ergometer set at a workload of 
twenty five watts. The subjects were instructed to arm crank the ergometer at 
a rate of fifty revolutions per minute. 
3. step. During this measurement period the subject was instructed 
to step up and down on a bench ten centimetres high timed by a metronome set 
at ninety six beats per minute. The step pattern followed the order up, up, 
down, down, with a step taking place each beat of the metronome. 
4. Walk. On an electrically driven treadmill set at level grade and 
Hannam 13 
five kilometres per hour speed each subject walked for the duration of the 
measurement period. 
5. Jog. During this measurement period the treadmill setting was 
set to eight kilometres per hour at level grade. 
Following each subject's session the heart rate data were down loaded as 
previously described and at the end of each day the oxygen consumption data 
for all subjects measured that day were transferred to floppy disk as an ascii 
file and a paper hard copy generated. 
2.4 Development of prediction equations. 
Prediction equations were developed using SAS statistical software application 
(SAS Institute, North Carohna) using a least squares method as described by 
Schlotzhauer & Littell (1987). 
m 
Heart rate and oxygen consumption (V02) were tabulated for each fifteen 
second increment of each of the measurement periods for each subject. From 
these data the rate of the oxygen cost and the net heart rate were computed 
and tabulated for each fifteen second increment. For purposes of this study 
oxygen cost was defined as the volume of oxygen consumed attributable to the 
physical activity undertaken at the time. It excludes the oxygen consumption 
associated with the resting state. The method of computing these was as 
follows. 
Oxygen cost rate was found by subtracting the mean resting rate of oxygen 
consumption from the measured rate of oxygen consumption for each fifteen 
second increment reading. In a similar manner the net heart rate was 
computed by subtracting the mean resting measured gross heart rate from the 
actual measured rate for each fifteen second increment. 
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Correlation and least squares regression analysis was undertaken on subsets 
of the data for each individual and the subjects as a group where the 
dependent variables were either oxygen consumption (V02) or oxygen cost 
and the independent variables were gross heart rate (GHR) or net heart rate 
(NHR). Three relationships were examined : V02/GHR, 02cost/NHR, 
02cost/GHR. These relationships were examined and regression equations 
developed on the following basis. 
L. Individual specific activity (ISA) The variables for each individual 
measured during each of the seated, standing, step, walk and jog conditions 
were used to develop five separate equations for each individual specifically 
for that activity. 
2. Individual bracketed activity (IBA) The variables for each individual 
measured during each of the seated, standing, step, walk and jog conditions 
were aggregated to develop one single equation for each individual covering 
the range of activities. 
3. Pooled specific activity (PSA) The variables for all members of 
the group measured during each of the seated, standing, step, walk, and jog 
conditions was pooled according to condition and used to develop five separate 
equations for the group specific for each condition. 
4. Pooled bracketed activity (PBA). The variables for each individual 
measured during the seated, standing, step, walk, jog conditions was pooled 
and a single equation was developed for the group covering the range of 
activities. 
Following this step two additional categories of equation were developed from 
the results. The means of the slopes and intercepts of the individual specific 
activity equations and the individual bracketed activity equations was 
calculated to form. 
5. Mean group specific activity (MGSA) equations and a 
6. Mean group bracketed activity equation (MGBA) . 
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These equations were utilised in the subsequent calculations on a spreadsheet 
to estimate the volume of oxygen utilised during the calibration session. A 
copy of two sample plots from the SAS statistical analysis showing the 
relationships between VO2 and Gross Heart Rate and O2 Cost and Net Heart 
Rate for the group and an individual subject is included as Appendix 5. 
2.5 Estimation of oxygen utilisation and comparison with measured volume. 
Using Lotus 123 Release 4 spreadsheet application software a base spreadsheet 
was developed upon which the slopes and intercepts of all of the equations 
along with mean gross heart rate and net heart rate data for each individual 
and the group were contained. Nine additional work sheets, each with 
identical layout, one for each subject, were produced. These sheets contained 
all of the variables tabled in fifteen second increments broken down in subsets 
for the conditions seat, standing, step, walk and jog. Six columns were 
established containing formulae to compute the estimated V02 or oxygen cost 
substituting the GHR or the NHR in the appropriate regression equation for 
each of the three relationships examined. The resulting rates were used to 
compute the total volume of oxygen utihsed or the oxygen cost for each 
activity. The total volume was the summation of the mean rate per increment 
multiphed by the duration between increments, eg: 
(rate (g 0.5 mins + rate Q 0.7^ mins) X .25 Utres. 
2 
In this manner a total volume of oxygen was computed on a minute by minute 
basis for each of the five conditions and then totalled to produce a session 
total. In addition the spreadsheet had the provision to insert mean heart rate 
values into the appropriate equations and compute the total volumes using two 
approaches: 
1) using the mean heart rate values specific for that activity and 
2) using the mean bracketed activity value. 
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It also used the measured variables to compute the actual measured volume of 
oxygen consumption. In the case where oxygen cost was calculated a volume 
equivalent to the resting volume of oxygen was computed using the mean 
resting V02 values to add back in to produce the total volume. Each estimated 
volume was compared with the actual measured volume and the percent 
difference between the estimated and the actual volume calculated. 
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C H A T > T E R 3 
R E S U L T S 
3.1 Laboratory session. 
Table 3.1 shows the characteristics of each subject and the mean oxygen 
consumption and gross heart rate values during the measurement period for 
each of the activities in the lab session along with the group mean and 
standard deviation. Oxygen consumption values are litres per minute and 
heart rate values are beats per minute. WHR is waist/hip ratio and GHR is 
gross heart rate. 
Table 3.1. Subject Characteristics and activity session values 
Subjects 1 2 3 4 5 6 7 8 ? Group 
mean,SD 
Sex M M M M M F M M M 
Age 18 31 32 46 25 19 21 23 30 27.2 8.7 
Ht. (cms) 176 173 182 183 190 161 175 184 171 177.2 8.6 
Wt.(kg) 66.0 67.6 82.8 76.2 89.8 66.5 86.1 81.6 71.9 76.5 8.9 
WHR 0.92 0.83 0.86 0.87 0.91 0.75 0.91 0.77 0.87 0.85 0.06 
RestV02 0.31 0.28 0.31 0.25 0.39 0.26 0.33 0.32 0.29 0.30 0.04 
Rest GHR 74 61 80.5 62 66 60 54 55 70 64.7 8.7 
SeatV02 0.32 0.38 0.35 0.32 0.44 0.27 0.36 0.32 0.31 0.34 0.05 
Seat GHR 85 70 91 73 72 60 61 77 76 73.9 10.1 
Stand V02 0.84 0.75 0.92 0.82 1.05 0.89 1.02 0.92 0.80 0.90 0.10 
Stand GHR 113 83 111 90 95 115 91 97 100 99.4 11.3 
StepV02 0.92 0.97 0.97 0.97 1.11 0.88 1.05 1.00 0.91 0.98 0.07 
Step GHR 107 84 100 87 85 99 94 93 90 93.2 7.7 
WalkV02 1.05 1.67 1.43 1.59 1.24 1.20 1.27 1.13 1.16 1.31 0.21 
Walk GHR 107 106 114 101 90 115 91 98 96.5 102.0 9.1 
JogV02 2.20 2.72 2.30 2.81 3.00 2.14 2.22 2.62 2.12 2.39 0.27 
Jog GHR 159 148 137.5 153 129 160 124 140 144 144 12.5 
During the stand arm protocol for subject number four electromagnetic 
interference caused some faulty heart rate readings which were treated as 
missing values for the computation of mean values and for the computation of 
the prediction equation. No other problems were encountered during the 
laboratory session. 
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3.2 Prediction equations. 
Correlation analysis and regression analysis using the method of least squares 
was undertaken. The regression equation y = a + bx where y is the 
dependent variable, a is the intercept, b is the slope, and x is the 
independent variable was utihsed. The three models examined were: 
a) dependent variable V02 and independent variable GHR. 
b) dependent variable 02cost and independent variable NHR 
c) dependent variable V02 and independent variable GHR. 
Values for r^ and the p value for each prediction equation are tabulated in 
appendix 6 and appendix 7. Activities involving a high rate of oxygen 
consumption such as jogging and the equations covering the bracketed 
activities were the only activities where values for r^ were between 0.65 and 
0.95 and the p value was 0.0001 suggesting that the equations explained the 
variation in the relationship between the dependent and independent variable. 
This held true for all nine subjects. For activities involving slower rates of 
oxygen consumption, such as seated, standing with light arm work, stepping 
and walking r^ values were much lower and p values much higher. This 
suggests that the linear relationship between heart rate and oxygen 
consumption as expressed by these equations may not be as reliable as those 
for activities requiring a higher rate of oxygen consumption. 
The intercept and slope for each equation developed are tabled in appendix 8. 
For all three relationships the slope for each subject's regression line was 
equal or differed by less than 0.02% for each activity. Across subjects for any 
given activity the range of values for the slope was considerably smaller than 
the range for the intercepts. The regression line fitted between a relatively 
narrow scatter of points for individual and bracketed activity data whereas the 
fitted line was within a considerably broader scatter with the pooled data. 
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3.3 Estimated Volume of oxygen compared with measured volume. 
Tables 3.3ai to iii, 3.3bi to ill and 3.3cl to HI summarise the results. When the 
use of minute by minute values to estimate oxygen consumption was compared 
with the substitution of activity specific mean values or bracketed activity 
mean values In the prediction equations the minute by minute results proved 
closest to the measured values for both Individuals and the group regardless 
of which equation was used. The difference between minute by minute and 
activity specific means were much less than the difference between minute by 
minute and bracketed activity means. Predictions were most accurate when 
based on Individual data sets rather than group data sets. Activity specific 
sets yielded more accurate results than bracketed activity sets. Group results 
were best estimated by equations utihsing group values with pooled bracketed 
activity equations the most hkely to estimate a result similar to the group's 
mean measured values. 
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Table 3.3a(i) Comparison of estimated volume of oxygen with measured 
volume using minute by minute heart rate values 
substituted in the prediction equations. 
V02/GHR 
Actual 
Meas. 
Vol 
Indiv 
Spec 
Act. 
Eqn. 
Indiv 
Br»ck 
Act. 
Eqn. 
Pooled 
Spec 
Act. 
Eqn. 
MeanGrp Pooled 
Spec Br*ck 
Act. Act. 
Eqn. Eqn. 
*See note below for explanation 
MeanGrp 
Br'ck 
Act. 
Eqn. 
Subjl Vol 
%Diff 
26.67 26.67 
0.003 
26.69 
0.09 
30.80 
15.49 
37.29 
39.83 
37.35 
40.05 
39.56 
48.31 
Subj2Vol 
%Diff 
32.70 32.55 
-0.46 
32.48 
-0.67 
30.09 
-7.97 
29.77 
-8.96 
27.16 
-16.92 
27.17 
-16.92 
SubjSVol 
%Diff 
30.08 29.99 
-0.31 
29.86 
-0.76 
30.25 
0.56 
32.99 
9.65 
35.13 
16.79 
36.86 
22.52 
Subj4Vol 
%Diff 
32.81 volumes not calculated due to missing values 
%Diff. not calculated due to missing values 
SubjSVol 
%Diff 
34.31 34.23 
-0.24 
34.19 
-0.35 
28.84 
-15.94 
24.60 
-28.30 
24.56 
-28.40 
24.00 
-30.04 
SubjSVol 
%Diff 
26.94 26.67 
-0.99 
26.61 
-1.23 
30.97 
14.98 
36.98 
37.27 
34.15 
26.76 
35.66 
32.37 
Subj7Vol 
%Diff 
29.48 29.57 
0.28 
25.68 
-12.91 
28.46 
3.46 
23.46 
-21.12 
23.33 
-20.86 
22.50 
-23.67 
SubjSVol 
%Diff 
30.245 30.12 
-0.42 
30.16 
-0.29 
29.54 
-2.32 
28.88 
-4.50 
28.89 
-4.54 
29.24 
-3.32 
Subj9Vol 
%Diff 
26.62 26.56 
-0.23 
26.66 
0.15 
29.77 
11.83 
29.93 
12.42 
29.35 
10.25 
29.82 
12.03 
MeanVol 30.04 29.54 29.04 29.84 34.19 29.99 27.20 
%Diff -1.65 -3.33 -0.66 13.81 -0.17 -9.45 
* Note: All values have been rounded from four decimal places as computed to 
two decimal places for display, (typical for all tables) 
Abbreviations: Meas. = measured, 
Spec. = specific 
Br'ck = bracketed 
Vol. = volume, Indiv. = individual 
Act. = activity Eqn. = equation 
Grp. = group 
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Table 3.3a(ii) Comi)arison of estimated volume of oxygen with measured 
volume using minute by minute heart rate values substituted in 
the prediction equations. 
02cost/NHR 
SubjlVol 
%Diff 
Subj2Vol 
%Diff 
SubjSVol 
%Diff 
Subj4Vol 
%Diff 
Actual Indiv Indiv Pooled MeanGrp Pooled MeanGrp 
Meas. Spec Br'ck Spec Spec Br'ck Br'ck 
Vol Act. Act. Act. Act. Act. Act. 
Eqn. Eqn. Eqn. Eqn. Eqn. Eqn. 
26.67 26.76 26.78 30.43 27.90 31.85 33.04 
0.34 0.42 14.09 4.60 19.40 23.86 
32.70 32.50 29.57 29.74 26.65 28.93 29.75 
-0.61 -9.57 -9.03 -18.51 -11.52 -9.01 
30.08 30.04 29.90 28.37 19.67 24.85 24.81 
-0.14 -0.62 -5.69 -34.62 -17.40 -17.55 
32.81 volumes not calculated due to missing values 
%diff not calculated due to missing values 
SubjSVol 
%Diff 
34.31 34.24 
-0.19 
34.23 
-0.24 
30.37 
-11.48 
21.67 
-36.84 
25.96 
-24.35 
25.71 
-25.06 
SubjBVol 
%Diff 
26.94 26.74 
-0.75 
26.67 
-0.99 
31.24 
15.99 
33.91 
25.90 
36.37 
35.02 
38.62 
43.37 
Subj7Vol 
%Diff 
29.48 29.46 
-0.07 
29.57 
0.31 
29.99 
1.72 
24.90 
-15.56 
30.58 
3.72 
31.47 
6.74 
SubjSVol 
%Diff 
30.245 30.24 
-0.01 
30.25 
0.01 
31.28 
3.41 
30.08 
-0.55 
35.63 
17.80 
37.46 
23.86 
Subj9Vol 
%Diff 
26.62 26.56 
-0.22 
26.67 
0.18 
28.58 
7.37 
22.16 
-16.74 
25.58 
-3.89 
25.74 
-3.30 
MeanVol 
%Diff 
30.04 29.56 
-1.60 
29.205 
-2.78 
30.00 
-0.13 
25.87 
-13.88 
29.97 
-0.23 
30.825 
2.61 
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Table 3.3a(m) Comparison of estimated volume of oxygen with measured 
volume using minute by minute heart rate values substituted in 
the prediction equations. 
02cost/GHR 
Actual 
Meas. 
Vol 
Indiv 
Spec 
Act. 
Eqn. 
Indiv 
Br'ck 
Act. 
Eqn. 
Pooled 
Spec 
Act. 
Eqn. 
MeanGrp Pooled 
Spec 
Act. 
Eqn. 
Br'ck 
Act. 
Eqn. 
MeanGrp 
Br'ck 
Act. 
Eqn. 
SubjlVol 
%Diff 
26. 67 26.76 
0.34 
26.78 
0.42 
31.30 
17.28 
37.57 
40.85 
37.67 
41.23 
39.84 
49.38 
Subj2Vol 
%Diff 
32. 70 31.13 
-4.80 
29.56 
-9.58 
29.49 
-9.80 
29.14 
-10.89 
26.51 
-18.92 
26.56 
-18.78 
Subj3Vol 
%Diff 
30.08 30.05 
-0.13 
29.91 
-0.58 
30.38 
0.99 
33.05 
9.85 
35.21 
17.03 
36.92 
22.72 
Subj4Vol 
%Diff 
32, .81 volumes not calculated due to missing values 
%Diff not calculated due to missing values 
SubjSVol 
%Diff 
34. .31 34.32 
0.04 
31.33 
-8.67 
30.79 
-10.25 
26.85 
-21.73 
26.77 
-21.97 
26.27 
-23.43 
SubjSVol 
%Diff 
26. .94 24.55 
-8.88 
26.67 
-0.99 
30.31 
12.53 
35.94 
33.41 
33.15 
23.07 
34.66 
28.65 
Subj7Vol 
%Diff 
29, .48 29.54 
0.21 
29.64 
0.53 
28.81 
-2.30 
23.88 
-19.01 
23.91 
-18.90 
23.15 
-21.47 
SubjSVol 
%Diff 
30 .245 30.23 
-0.05 
30.26 
0.06 
29.94 
-0.99 
29.40 
-2.78 
29.37 
-2.88 
29.77 
-1.56 
Subj9Vol 
%Diff 
26 .62 26.56 
-0.23 
26.66 
0.15 
29.35 
10.26 
29.60 
11.21 
29.01 
8.99 
29.51 
10.87 
MeanVol 
%Diff 
30 .04 25.90 
-13.78 
28.85 
-3.96 
30.05 
0.03 
30.68 
2.13 
30.20 
0.53 
30.835 
2.65 
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Table 3.3b(i) Comparison of estimated volume of oxygen with measured 
volume substituting the mecui heart rate during bracketed 
activities in the prediction equations. 
V02/GHR 
Actual 
Meas. 
Vol 
Indiv 
Spec 
Act. 
Eqn. 
Indiv 
Br»ck 
Act. 
Eqn. 
Pooled 
Spec 
Act. 
Eqn. 
MeanGrp Pooled 
Spec 
Act. 
Eqn. 
Br'ck 
Act. 
Eqn. 
MeanGrp 
Br'ck 
Act. 
Eqn. 
SubjlVol 
%Diff 
26.67 20.18 
-24.33 
26.49 
-0.69 
26.84 
0.63 
29.57 
10.85 
37.14 
39.25 
39.30 
47.34 
Subj2Vol 
%Diff 
32.70 29.42 
-10.02 
32.08 
-1.87 
25.46 
-22.14 
20.64 
-36.86 
26.82 
-17.96 
26.75 
-18.19 
Subj3Vol 
%Diff 
30.08 19.47 
-35.27 
29.81 
-0.92 
26.57 
-11.69 
27.80 
-7.58 
35.10 
16.68 
36.82 
22.39 
Subj4Vol 
%Diff 
32.81 27.05 
-17.58 
33.78 
2.96 
25.79 
-21.40 
22.79 
-30.54 
29.31 
-10.69 
29.77 
-9.27 
SubjSVol 
%Diff 
34.31 23.12 
-32.62 
33.91 
-1 .16 
25.13 
-26.74 
18.55 
-45.93 
24.40 
-28.87 
23.81 
-30.61 
SubjSVol 
%Diff 
26.94 20.91 
-22.39 
26.70 
-0.89 
26.46 
-1.79 
27.09 
0.55 
34.27 
27.23 
35.81 
32.94 
SubjTVol 
%Diff 
29.48 25.17 
-14.62 
29.65 
0.57 
24.99 
-15.24 
17.61 
-40.25 
23.32 
-20.90 
22.49 
-23.71 
SubjSVol 
%Diff 
30.245 21.07 
-30.34 
29.40 
-2.79 
25.66 
-15.15 
21.97 
-27.38 
28.35 
-6 .26 
28.61 
-5.41 
SubjSVol 
%Diff 
26.62 22.57 
-15.22 
25.75 
-3.26 
25.67 
-3.56 
22.02 
-17.28 
28.42 
6.75 
28.69 
7.77 
MeanVol 
%Diff 
30.04 23.22 
-22.70 
29.73 
-1.03 
25.84 
-13.98 
23.115 
-23.05 
29.68 
-1 .20 
30.23 
0.63 
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Table 3.3b(u) Comparison of estimated volume of oxygen with measured 
volume substituting mean heart rate during bracketed 
activities in the prediction equations. 
02cost/NHR 
Actual 
Meas. 
Vol 
Indiv 
Spec 
Act. 
Eqn. 
Indiv 
Br'ck 
Act. 
Eqn. 
Pooled 
Spec 
Act. 
Eqn. 
MeanGi^ Pooled 
Spec 
Act. 
Eqn. 
Br'ck 
Act. 
Eqn. 
MeanGrp 
Br'ck 
Act. 
Eqn. 
SubjlVol 
%Diff 
26.67 20.28 
"23.95 
26.58 
-0.35 
28.61 
7.26 
20.18 
-24.33 
31.63 
18.58 
32.78 
22.89 
Subj2Vol 
%Diff 
32.70 29.34 
-10.26 
32.04 
-2 .02 
27.25 
-16.65 
17.49 
-46.50 
28.58 
-12.59 
29.34 
-10.28 
SubjSVol 
%Diff 
30.08 19.76 
-34.33 
29.80 
-0.95 
26.94 
-10.45 
14.43 
-52.03 
24.78 
-17.62 
24.73 
-17.80 
Subj4Vol 
%Diff 
32.81 27.20 
-17.11 
33.91 
3.33 
26.81 
-18.29 
18.19 
-44.58 
29.57 
-9 .87 
30.67 
-6 .54 
SubjSVol 
%Diff 
34.31 23.20 
-32.37 
34.00 
- 0 . 8 8 
28.90 
-15.75 
15.67 
-54.33 
25.83 
-24.73 
25.56 
-25.51 
SubjSVol 
%Diff 
26.94 20.97 
-22.14 
26.77 
-0 .64 
28.67 
6.42 
24.05 
-10.74 
36.50 
35.51 
38.78 
43.94 
Subj7Vol 
%Diff 
29.48 25.15 
-14.70 
29.63 
0.49 
28.69 
-2 .70 
19.41 
-34.15 
30.63 
3.89 
31.53 
6.94 
SubjSVol 
%Diff 
30.245 20.79 
-31.26 
29.50 
-2 .48 
29.57 
-2.25 
23.12 
-23.55 
35.09 
16.03 
36.83 
21.77 
Subj9Vol 
%Diff 
26.62 22.54 
-15.32 
25.75 
-3 .26 
26.62 
0.00 
14.23 
-46.53 
24.62 
-7 .52 
24.60 
-7 .60 
MeanVol 
%Diff 
30.04 23.25 
-22.60 
29.775 
- 0 . 8 8 
28.00 
-6 .79 
18.53 
-38.32 
29.69 
-1.165 
30.535 
1.65 
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Table 3.3b(iii) Comparison of estimated volume of oxygen with measured 
volume substituting mean heart rate during bracketed 
activities in the prediction equations. 
02cost/GHR 
Actual 
Meas 
Vol 
Indiv 
Spec 
Act. 
Eqn. 
Indiv 
Br'ck 
Act. 
Eqn. 
Pooled 
Spec 
Act. 
Eqn. 
MeanGrp pooled 
Spec 
Act. 
Eqn. 
Br'ck 
Act. 
Eqn. 
MeanGrp 
Br'ck 
Act. 
Eqn. 
SubjlVol 
%Diff 
26.67 20.92 
-21.58 
26.58 
-0.35 
25.64 
-3.85 
31.63 
18.60 
37.45 
40.42 
39.58 
48.81 
Subj2Vol 
%Diff 
32.70 30.23 
-7 .55 
32.04 
-2.00 
23.03 
-29.58 
23.24 
-28.93 
26.17 
-19.97 
26.14 
-20.05 
SubjSVol 
%Diff 
30.08 27.26 
-9 .38 
29.86 
-0.75 
25.08 
-16.63 
29.93 
-0 .52 
35.17 
16.93 
36.88 
22.59 
Subj4Vol 
%Diff 
32.81 30.84 
-6 .03 
33.91 
3.33 
22.60 
-31.11 
24.20 
-26.23 
27.83 
-15.18 
28.32 
-13.68 
SubjSVol 
%Diff 
34.31 25.70 
-25.10 
34.01 
-0.87 
25.50 
-25.67 
24.36 
-29.00 
26.61 
-22.43 
26.08 
-23.99 
SubjSVol 
%Diff 
26.94 23.27 
-13.61 
26.76 
-0 .64 
23.88 
-11.36 
28.26 
4.92 
33.28 
23.54 
34.81 
29.23 
Subj7Vol 
%Diff 
SubjSVol 
%Diff 
29.48 
30.245 
26.28 
-10.85 
25.17 
-16.77 
29.63 
0.49 
29.50 
-2 .45 
23.70 
-19.62 
24.42 
-19.25 
21.95 
-25.55 
25.49 
-15.72 
23.90 
-18.93 
28.85 
-4 .61 
23.14 
-21.51 
29.14 
-3.65 
SubjSVol 
%Diff 
26.62 24.06 
-9 .60 
25.75 
-3.26 
23.59 
-11.38 
24.70 
-7 .23 
28.07 
5.45 
28.38 
6.60 
MeanVol 
%Diff 
30.04 25.97 
-13.55 
29.78 
-0.865 
24.16 
-19.57 
25.97 
-13.55 
29.70 
-1.13 
30.27 
0.765 
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Table 3.3c(i) Comparison of estimated volume of oxygen with measured 
volume substituting the mean activity specific heart rate in the 
prediction equations. 
V02/GHR 
Actual 
Meas. 
Vol 
Indiv 
Spec. 
Act. 
Eqn. 
Indiv 
Br'ck 
Act. 
Eqn. 
Pooled 
Spec. 
Act. 
Eqn. 
MeanGrp Pooled 
Spec. Br'ck 
Act. 
Eqn. 
Act. 
Eqn. 
MeanGrp 
Br'ck 
Act. 
Eqn. 
SubjlVol 
%Diff 
26.67 26.59 
-0.30 
26.62 
-0.18 
30.78 
15.40 
37.16 
39.32 
37.28 
39.76 
39.47 
47.98 
Subj2Vol 
%Diff 
32.70 32.48 
-0.67 
32.45 
-0.75 
30.06 
-8.06 
29.66 
-9.30 
27.14 
-16.99 
27.14 
-17.00 
SubjSVol 
%Diff 
30.08 29.82 
-0.89 
29.77 
-1.06 
30.23 
0.49 
32.91 
9.39 
35.08 
16.60 
36.79 
22.29 
Subj4Vol 
%Diff 
32.81 32.84 
0.06 
33.21 
1.22 
30.17 
-8.06 
31.16 
-5.04 
28.82 
-12.16 
29.18 
-11.06 
SubjSVol 
%Diff 
34.31 34.24 
-0.20 
34.22 
-0.25 
28.85 
-15.92 
24.60 
-28.29 
24.58 
-28.35 
24.03 
-29.97 
SubjSVol 
%Diff 
26.94 26.89 
-0.19 
26.86 
-0.30 
31.02 
15.15 
37.25 
38.29 
34.49 
28.03 
36.08 
33.92 
SubjTVol 
%Diff 
29.48 29.65 
0.55 
29.69 
0.72 
28.48 
-3.41 
23.38 
-20.71 
23.36 
-20.77 
22.54 
-23.55 
SubjSVol 
%Diff 
30.245 30.10 
-0.49 
30.09 
-0.52 
29.54 
-2.33 
28.86 
-4.59 
28.82 
-4.70 
29.18 
-3.51 
Subj9Vol 
%Diff 
26.62 26.49 
-0.48 
26.41 
-0.79 
29.73 
11.69 
29.79 
11.91 
29.09 
9.28 
29.51 
10.85 
MeanVol 
%Diff 
30.04 29.90 
-0.47 
29.92 
-0.40 
29.87 
-0.57 
30.53 
1.63 
29.85 
-0.63 
30.44 
1.33 
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Table 3.3c(u) Comparison of estimated volume of oxygen mth measured 
volume substituting the mean activity specific heart rate in the 
prediction equations. 
02cost/NHR 
Actual 
Meas. 
Vol 
Indiv 
Spec. 
Act. 
Eqn. 
Indiv 
Br'ck 
Act. 
Eqn. 
Pooled 
Spec. 
Act. 
Eqn. 
MeanGrp Pooled 
Spec. Br*ck 
Act. 
Eqn. 
Act. 
Eqn. 
MeanGrp 
Br'ck 
Act. 
Eqn. 
SubjlVol 
%Diff 
26.67 26.62 
-0.20 
26.55 
-0.44 
30.33 
13.73 
27.59 
3.44 
31.60 
18.48 
32.75 
22.79 
Subj2Vol 
%Diff 
32.70 32.31 
-1.18 
32.27 
-1.30 
29.71 
-9.14 
26.50 
-18.97 
28.79 
-11.95 
29.58 
-9.52 
Subj3Vol 
%Diff 
30.08 29.65 
-1.45 
29.62 
-1.55 
28.30 
-5.92 
19.47 
-35.29 
24.67 
-18.01 
24.59 
-18.27 
Subj4Vol 
%Diff 
32.81 32.96 
0.46 
33.89 
3.28 
29.01 
-11.60 
26.72 
-18.58 
29.56 
-9.91 
30.65 
-6.59 
SubjSVol 
%Diff 
34.31 34.33 
0.07 
34.32 
0.03 
30.39 
-11.41 
21.73 
-36.66 
26.01 
-24.19 
25.77 
-24.88 
SubjeVol 
%Diff 
26.94 26.95 
0.05 
26.92 
-0.06 
31.33 
16.30 
34.19 
26.91 
36.73 
36.33 
39.04 
44.92 
Subj7Vol 
%Diff 
29.48 29.62 
0.48 
29.67 
0.64 
30.04 
1.89 
25.11 
-14.81 
30.67 
4.02 
31.58 
7.10 
SubjSVol 
%Diff 
30.245 30.21 
-0.12 
30.20 
-0.15 
31.28 
3.41 
30.05 
-0.65 
35.59 
17.68 
37.42 
23.72 
SubjSVol 
%Diff 
26.62 26.49 
-0.48 
26.41 
-0.79 
28.54 
7.21 
22.01 
-17.31 
25.31 
-4.91 
25.42 
-4.51 
MeanVol 
%Diff 
30.04 29.90 
-0.47 
29.98 
-0.20 
29.88 
-0.53 
25.93 
-13.68 
29.88 
-0.53 
30.76 
2.40 
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Table 3.3c(m) Comparisoii of estimated volume of oxygen with measured 
volume substituting the mean activity specific heart rate in the 
prediction equations. 
02cost/GHR 
Actual 
Meas. 
Vol 
Indiv 
Spec. 
Act. 
Eqn. 
Indiv 
Br'ck 
Act. 
Eqn. 
Pooled 
Spec. 
Act. 
Eqn. 
MeanGi^ Pooled 
Spec. Br*ck 
Act. 
Eqn. 
Act. 
Eqn. 
MeanGrp 
Br'ck 
Act. 
Eqn. 
SubjlVol 
%Diff 
26.67 26.68 
0.04 
26.71 
0.15 
31.25 
17.17 
37.43 
40.34 
37.59 
40.95 
39.75 
49.05 
Subj2Vol 
%Diff 
32.70 32.44 
-0.79 
32.41 
-0.88 
29.46 
-9.91 
29.03 
-11.23 
26.49 
-18.98 
26.53 
-18.86 
Subj3Vol 
%Diff 
30.08 29.87 
-0.72 
29.82 
-0.88 
30.36 
0.90 
32.97 
9.59 
35.15 
16.84 
36.85 
22.49 
Subj4Vol 
%Diff 
32.81 32.95 
0.43 
33.33 
1.59 
28.72 
-12.46 
29.69 
-9.51 
27.35 
-16.67 
27.74 
-15.47 
SubjSVol 
%Diff 
34.31 34.34 
0.08 
34.32 
0.03 
30.80 
-10.22 
26.86 
-21.72 
26.79 
-21.91 
26.30 
-23.36 
SubjeVol 
%Diff 
26.94 26.95 
0.05 
26.92 
-0.06 
30.38 
12.77 
36.21 
34.43 
33.50 
24.35 
35.08 
30.20 
Subj7Vol 
%Diff 
29.48 29.62 
0.48 
29.67 
0.64 
28.83 
-2.23 
24.00 
-18.60 
23.94 
-18.80 
23.19 
-21.35 
SubjSVol 
%Diff 
30.245 30.21 
-0.12 
30.19 
-0.17 
29.94 
-1.00 
29.38 
-2.87 
29.33 
-3.04 
29.72 
-1.75 
Subj9Vol 
%Diff 
26.62 26.49 
-0.48 
26.41 
-0.79 
29.32 
10.14 
29.47 
10.69 
28.75 
8.01 
29.20 
9.69 
MeanVol 
%Diff 
30.04 29.95 
-0.30 
29.98 
-0.20 
29.90 
-0.47 
30.56 
1.73 
29.88 
-0.53 
30.48 
1.46 
3.4 Heart rate vedues in field and Laboratory 
The ranges of heart rate values for the various activities undertaken in the 
field corresponding to the matched activity in the laboratory were essentially 
similar. In most instances the field ranges exceeded the lab ranges in both 
directions as the work loads encountered covered a broader range of intensity 
than the fixed loads estabhshed in the laboratory. For example walking was 
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undertaken from slower to faster speeds than the fixed rate established on the 
treadmill. Similarly the arm work undertaken whilst standing ranged from say 
pruning a shrub using only the hands to shovelling and mixing concrete. 
Table 3.4 compares the heart rate response over the three most coded 
activities with their equivalent laboratory response. 
Table 3.4. Comparison of field and laboratory heart rate responses during 
various activities. 
Seated Field Lab 
Range Mean Range Mean 
Subject 1 82-129 107 77-91 85 
Subject 2 56-90 64 64-81 70 
Subject 3 76-121 96 86-98 91 
Subject 4 74-98 82 66-82 73 
Subject 5 71-92 77 69-74 72 
Subject 6 53-88 68 53-68 60 
Subject 7 50-92 74 56-68 61 
Subject 8 69-99 83 69-85 77 
Subject 9 66-107 81 66-94 76 
Group 81.3 73.9 
Stand/Arm Field Lab 
Range Mean Range Mean 
Subject 1 85-146 113 99-124 113 
Subject 2 60-127 81 74-90 83 
Subject 3 81-122 91 107-115 111 
Subject 4 78-100 90 84-91 90 
Subject 5 76-108 92 91-98 95 
Subject 6 62-111 76 99-129 115 
Subject 7 55-90 77 82-97 91 
Subject 8 82-109 96 86-105 97 
Subject 9 73-129 96 90-104 100 
Group 90.2 99.4 
Walking Field Lab 
Range Mean Range Mean 
Subject 1 107-141 122 99-112 107 
Subject 2 72-114 90 99-113 106 
Subject 3 84-125 106 111-119 114 
Subject 4 81-118 98 94-114 101 
Subject 5 74-108 91 86-94 90 
Subject 6 74-112 81 104-126 115 
Subject 7 63-90 78 85-99 91 
Subject 8 71-122 96 95-102 98 
Subject 9 84-140 106 94-102 96.5 
Group 96.4 102.0 
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3.5 Energy expenditure in the field 
The mean values for heart rate in the field as shown in table 3.4 for seated 
activities, standing with Ught arm activities and walking were substituted in 
some of the prediction equations developed for the V02/GHR relationship to 
yield a rate of oxygen consumption for the individual or the group for those 
activities. The oxygen consumption was then converted to energy 
expenditure in the following manner. A thermal equivalent of 4.825 
Kilocalories (Kcal) per litre was used in the energy transformation. This 
value corresponds to a non protein respiratory quotient of 0.82 from the 
metabolism of a mixture of 40% carbohydrate and 60% fat which was assumed for 
purposes of the study. By dividing the rate obtained by each subject's 
weight, or the mean weight of the group in the case of group equations, a 
relative energy expenditure rate by weight was calculated and expressed as 
Kcal.min"^.kg~^. These rates were then compared with energy expenditure 
tables published as Appendix D in McArdle, Katch, Katch (1986). The 
results of this analysis are presented on the following pages as Tables 3.5a, 
3.5b, and 3.5c. It is apparent from these tables that the energy rates 
estimated by the equations are consistent with the published rates for similar 
activities. 
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Table 3.5a Relative Energy expenditure rates of Seated activities. 
All values shown in the following tables are Kcal.min-^ .kg-^ 
From the published tables: Sitting quietly 0.021, Typing 0.031, writing 
0.029, Sewing 0.023, driving tractor 0.037, eating 0.023, card playing 
0.025. 
Estimated from the equations: 
Individual Results: 
specific activity equations bracketed activity equations 
Subject 1 0.012 0.065 
Subject 2 0.017 0.021 
Subject 3 0.027 0.035 
Subject 4 0.020 0.048 
Subject 5 0.024 0.032 
Subject 6 0.024 0.022 
Subject 7 0.024 0.036 
Subject 8 0.019 0.032 
Subject 9 0.023 0.037 
Group Results: 
speciFic activity equations bracketed activity equations 
Mean group Equation 0.024 0.035 
Pooled data Equation 0.022 0.041 
Mean of indiv results 0.021 0.036 
Table 3.5b: Relative energy expenditure rates of standing activities 
From the published tables; Carpentry (General) 0.052, carpet sweeping 
0.048, cooking 0.048, drawing 0.036, hedge cUpping 0.077, operating lathe 
0.052, welding 0.052, working sheet metal 0.048, mopping floor 0.058. 
painting (inside) 0.034 (outside) 0.077, scraping paint 0.063. 
Estimated from the equations: 
Individual Results: 
specific activity equations bracketed activity equations 
Subject 1 0.062 0.076 
Subject 2 0.053 0.056 
Subject 3 0.034 0.023 
Subject 4 0.054 0.063 
Subject 5 0.053 0.068 
Subject 6 0.030 0.032 
Subject 7 0.031 0.041 
Subject 8 0.053 0.060 
subjects 0.048 0.062 
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Group Results: 
specific activity equations bracketed activity equations 
Mean group equation 0.046 0.053 
Pooled data equation 0.049 0.056 
Mean of indiv. results 0.046 0.054 
Table 3.5c: Relative energy expenditure rates of walking activities. 
From the published tables: Walking normal pace (asphalt road) 0.080, (fields 
and hillsides) 0.082, (grass track) 0.081, (plowed field) 0.077, stock 
clerking 0.054, mopping floor 0.062, raking 0.054. 
Estimated from the equations; 
Individual results: 
specific activity equations bracketed activity equations 
Subject 1 0.087 0.092 
Subject 2 0.090 0.075 
Subject 3 0.060 0.058 
Subject 4 0.095 0.078 
Subject 5 0.068 0.066 
Subject 6 0.034 0.039 
Subject 7 0.053 0.043 
Subject 8 0.063 0.060 
Subject 9 0.089 0.079 
Group results: 
specific activity equations bracketed activity equations 
Mean Group equation 0.072 0.065 
Pooled data equation 0.079 0.066 
Mean of indiv results 0.071 0.065 
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C H A I > T E R 4 
m s c u s s i o i s r 
4.1 The field investigation 
This procedure verified the suitability of the methods utilised. The heart rate 
monitoring devices were shown to be comfortable and unobtrusive to the 
subjects and recorded the data reliably. The only problems encountered were 
those related to electromagnetic interference when the receiver came into close 
proximity with certain electrical devices. This occurred when reaching to 
make adjustments to the motors of ride-on mowers, when using certain types of 
brush cutting equipment, in close proximity to the electric motors of workshop 
equipment and on one occasion in the lab procedure when the receiver was 
immediately adjacent to the on-line gas analysis equipment. In these instances 
the subject was made aware of the situation through the high-low alarm on the 
device and the situation remedied itself once the subject moved the receiver 
away from the source of interference. 
The activities chosen for the laboratory protocol proved most appropriate and 
no difficulty was experienced in matching the actual activities undertaken in 
the field with the corresponding laboratory activity for purposes of coding . 
This was supported by the fact that the range of heart rate response for the 
field activities was similar to the ranges experienced in the lab for the 
activities chosen to match that activity. The estimates of energy expenditure 
rate obtained from the field data, particularly those generated by the use of 
bracketed activity equations, when compared with the published rates suggest 
that the heart rate technique can be used in the field without the need for 
observation or use of a diary. 
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4.2 Estimated vs. measured volume and implications for research. 
The use of minute by minute heart rate readings to estimate the volume of 
oxygen consumption was shown to be more reliable than the substitution of 
bracketed activity mean values. Individual specific activity equations using 
minute by minute data predicted oxygen consumption from -0.99% below the 
measured volume to 0.28% above the measured volume. This compares with a 
range of from -35.27% to -10.02% when bracketed activity mean values were 
used. Substitution of activity specific mean values jrielded comparable results 
to the use of minute by minute values ranging from -0.89% to +0.55% of the 
measured volume. However to use this method of substitution requires the 
simultaneous observation of the subject or the use of a diary technique which 
creates another layer of work on the part of the researcher and hardly seems 
justifiable when the use of minute by minute values makes this process 
unnecessary. 
The mean bracketed activity heart rate in the laboratory session would be the 
equivalent to the average heart rate of activities in the field over the duration 
of the measurement period, say a day for example. The potential for error 
when a daily average heart rate is substituted in, activity specific equations 
compared with a single equation developed from exercise over several activities 
is highhghted in table 3.3b(i). The individual bracketed activity equation 
predicted oxygen consumption between -3.26% and +2.96% of the measured 
volume. When the same heart rate was substituted in the individual specific 
activity equation the results were from -35.27% to -10.02% of the measured 
volume. This difference points to the importance of matching the field methods 
to the methods used to develop the equations. 
Using table 3.3a(i) for purposes of illustration it was shown that individual 
specific activity equations can yield results within 1% of the measured volume. 
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The use of this method however requires the use of observation or diary. 
This method would be most appropriate for studies of small groups of subjects 
or projects whose resources and budgets permitted this approach. It 
demonstrated that if observation was not feasible then the use of a single 
equation covering bracketed activities was the next best alternative. In this 
project eight of the nine subjects had volumes predicted within 1% by this 
method with one subject's oxygen consumption being underestimated by 
12.91%, It was also shown that an individual's oxygen consumption could be 
underestimated by as much as 30.04% or overestimated by as much as 48.31% 
when equations developed from group data are used to predict oxygen 
consumption. 
For projects requiring the study of a large cohort of subjects and for which 
individual observation is not feasible there appears to be two viable 
approaches to obtaining a group result. If spreadsheet technology is used and 
the minute by minute method utihsed the use of pooled data would yield a 
superior result. However if one was limited to the mathematically much simpler 
method of substituting mean heart rate values into the equation then the 
method in which the group equation is developed using mean slopes and mean 
intercepts of individual equations proves more reliable. Both of these 
approaches would require that a small representative sample of the population 
under study be calibrated in the laboratory for purposes of developing the 
equations. 
The widely held view that a laboratory calibration process is unavoidable is 
certainly true for projects requiring an individual result. This is most likely 
so for a group result as well. If the characteristics of the group under study 
were very similar to those in this project it might be feasible to apply the 
equations developed and published herein to the group under study. This 
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technique becomes less valid the further groups characteristics such as 
age,weight and height depart from those of this project. 
4.3 Relationship used in equation development. 
This project failed to demonstrate that the use of the 02cost / Net Heart Rate 
relationship produced superior results to the gross heart rate / V02 
relationship or accounted for differing levels of fitness amongst the subjects. 
The additional mathematical steps of subtraction of resting values required to 
use the 02cost / NHR relationship appear unjustifiable. The assessment of the 
02cost / GHR relationship undertaken in this study was an attempt to remove 
another mathematical step, the computation of net heart rate, and permit the 
substitution of raw field data into the equation using oxygen cost methods in 
the event oxygen cost was able to account for differing levels of fitness. This 
proved to be the least reliable method under all circumstances. 
4.4 Influence of other heart rate factors. 
Other factors affect heart rate independently of the production of metabolic 
energy. If the measured volume of oxygen reflects the metabolic production of 
energy then the results of this project suggest that for this group of subjects 
the presence or extent of these other factors had little impact on the estimation 
of the oxygen consumption compared with the measured result. The best case 
situation, the use of individual specific activity equations, produced estimates 
within one percent of the measured values with no outlying individual results. 
In the individual bracketed activity method there was only one outlying result. 
All of the other subjects results were contained to a less than one percent 
difference. It might be possible to attribute the between subject difference 
between estimated and measured values to the presence and extent of these 
other factors. 
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It can be observed in the results that subject No. 3 had a higher resting heart 
rate (GHR) response to the other subjects. However the net heart rate 
response to the various activities (NHR) obtained by subtracting resting 
values showed that this subject's response to exercise demand was within the 
range of those experienced by the group. When the percent differences in 
results obtained by the predictive equations for this subject are examined it is 
seen that they too are within the range experienced by the group. This 
suggests that despite the subject's higher resting heart rate, which might be 
interpreted to be due to a lower fitness level or the presence of disease, the 
response to activity and the predictive capability of the equations developed is 
no less reliable than the others in the group. 
The female subject (no.6) during exercise activities exhibited a higher heart 
rate response than the male subjects. This result is consistent with known 
differences in response to exercise between males and females. McArdle Katch 
and Katch (1986) point out that teenage and adult females have a 5% to 10% 
larger cardiac output at any level of submaximal exercise than males. They 
describe this difference as a compensatory mechanism for the lower oxygen 
carrying capacity of the blood in females due to a lower haemoglobin content of 
about the same magnitude. The measured component of cardiac output in this 
project, heart rate, for the female subject was between 7.6% and 17% (mean 
13%) higher than the mean value for the males during the exercise activities. 
The observation that despite the higher heart rate response of this subject to 
exercise activity the VO2 was lower in many instances to the other subjects 
might be explained by the subject's trained state. This subject reported high 
levels of aerobic training activity. This training has been shown to enhance 
the muscle cell's capacity to generate energy aerobically. Adaptations such as 
greater capillary density and enlarged mitochondria can make improvements to 
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the a-VOz difference a measure of the ability of the muscles to extract oxygen 
from the blood supply. As the percent differences of the predictive equations 
for this subject compared with the measured values were not unlike those of 
the other subjects it seems reasonable to conclude that special allowances for 
gender or state of training are unnecessary. 
4.5 Conclusions and summary guidelines. 
The heart rate method can be used to obtain a rehable estimation of the oxygen 
cost of occupational physical activity. Another advantage of heart rate is the 
ability to quantify the intensity of the physical activity by expressing that 
activity in terms of the heart rate at which it is undertaken as a percentage of 
that individual's age predicted maximal heart rate or heart rate reserve. It is 
based on an objective measure of a physiological parameter. The reliability 
can be enhanced by the use of minute by minute heart rate values inserted in 
the prediction equations rather than the mathematically simpler technique of 
inserting mean values. The equations can be developed from the V02 / Gross 
Heart Rate relationship as it requires fewer mathematical steps than the use of 
02cost / Net Heart Rate, though both relationships yield comparable results. 
It is important that the methods used in the field eg. observation of specific 
activities versus no observation, match the means of equation development eg. 
use of activity specific equations versus single equation. The following 
summary guidelines may be used to determine the most appropriate technique 
for a research project depending on the objectives of the project, number of 
subjects and whether field observation is feasible. 
1. For projects involving a small number of subjects and for which a very 
reliable individual subject result is required (eg; when energy expenditure is 
being measured against caloric intake) the use of individual specific activity 
equations is recommended. This method will require the subject to be 
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observed or a diary technique utilised in order to use the appropriate equation 
to match the activity. A laboratory calibration process similar to that 
described herein will be necessary to develop the prediction equations. The 
result may be within 1% of a measured value. 
2. For a similar project objective to that stated above but for which 
resources are unavailable to observe the subject the use of a single equation 
obtained from activities that bracket the expected heart rate response such as 
that described herein will produce a result probably within 2% of the measured 
value. 
3. When the estimate of energy expenditure is required for a large cohort 
of subjects an equation developed from group data will yield a result with 
comparable precision to those described above under the following 
circumstances. 
a) Using minute by minute calculation and use of a single bracketed activity 
equation based on pooled heart rate and V02 data to develop the equation. 
b) Substituting mean heart rate data in equations developed utilising the 
mean slope and intercepts of the individual subject equations. 
Both of these approaches require a calibration process similar to that 
described in Chapter 2 Section 2.3. This may be done using a small 
representative sample from the study population. The inherent problem being 
how to determine what is representative. Age, height and weight 
characteristics are those most likely to influence results. 
4. Use of prediction equations for group results derived from the literature 
is not recommended. However if this method is the only recourse great care 
must be taken in selecting the equations. They need to be developed from 
subjects very closely matching the characteristics of the study population. 
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PARTICIPANT INFORMATION SHEET 
A FURTHER INVESTIGATION OF THE NET HEART RATE METHOD TO 
ESTIMATE OXYGEN COST OF OCCUPATIONAL PHYSICAL ACTIVITY 
Thank you for agreeing to participate in the above - titled research 
experiment. The following describes some of the objectives of the project, the 
procedures, and what is required of you as a subject. 
Objectives; - The project will investigate several approaches to the 
measurement and calculation of the amount of oxygen consumed in a day to 
provide the energy required for your occupational physical activity. Rather 
than measuring the oxygen consumption directly in the work environment an 
indirect method will be utilised, that being the measurement and recording of 
your heart rate response to your physical work. It is anticipated that the 
results of the experiment will assist in evaluating the accuracy and feasibility 
of this approach to measurement of oxygen cost. 
The project,a general description:- There are two phases to the project, A 
calibration phase, and a field monitoring phase, 
The calibration stage: During this phase you will be required to attend a 
measurement session at the Human Movement Laboratory at the Wollongong 
University, At that session your oxygen consumption and heart rate response 
will be simultaneously measured whilst you undertake a range of activities from 
lying on your back at rest, seated, standing, stepping up and down off a 
step, walking and slow jogging on a treadmill. The intensity of the exercise 
should not be stressful and at its maximum intensity is anticipated to slightly 
exceed that required during your work situation, It might be stressful if you 
are in very poor physical condition. During the measurement period you will 
be required to wear a light face mask that provides and collects the air you 
breathe and you will have a heart rate monitor (a thin elastic strap) around 
your torso at chest height. The measurement period will be 5 minutes in each 
of the activities with some rest in between. If the exercise becomes too 
stressful or uncomfortable you can stop at any time. The measurements and 
equipment setup may require about an hour of your time for this session. 
The field monitoring phase: For the duration of three of your work shifts you 
will be required to wear a heart rate monitor. This will consist of the chest 
strap and a receiver worn on the wrist like a watch. The chest strap must be 
in contact with your skin. The device is quite comfortable and should not 
encumber or limit you in any way. You will be asked to simply go about and do 
your job and spend your day as you would were this experiment not taking 
place. On one of the three days your activities will also be observed by the 
researcher who will be recording a log of your physical activities (eg: 
standing attaching load 2 mins. walked 200 feet in 60 sees following crane.) 
You will be asked to try and forget the presence of the observer and to 
undertake your activities as naturally as possible. Not all activities will be 
observed (eg: lunch breaks bathroom visits etc. ) on these occasions the 
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information may be provided verbally. Similarly you may be asked if you 
ingested any caffeine or other substances known to affect heart rate. You will 
also be asked to give an opinion or rate your feelings of psychological stress 
experienced during the shift or parts thereof. The log information will be for 
the exclusive use of the researcher, its contents will not be divulged to any 
other person or be a part of any of the pubhshed information in the project. 
Privacy; The researcher will assign each subject a number, known only to the 
researcher. Any reference in the final document will refer only to those 
numbers, with data presented mostly in table form. 
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Page 1 
EXERCISE SCREENING QUESTIONNAIRE 
AND INFORMED CONSENT 
GROUP A 
DO YOU HAVE,OR HAVE YOU HAD ANY 
OF THE FOU.OWING CONDITIONS? 
1. D i a b e t e s - m e l l i t u s ? 
Y/N 
2. Acute myocardial 
i n f a r c t i o n ? ( h e a r t 
attack ) Y / N 
3. 
4. 
Healing myocardial 
infarction? Y/N 
5. 
6. 
7. 
8. 
H i g h b l o o d p r e s s u r e 
(hypertension)(B.P. 160/110 or 
higher)? 
Y/N 
Unstable Angina (chest pain from 
the heart)? Y/N 
Coronary heart disease? 
Y/N 
Congestive heart failure? 
Y/N 
Uncontrolled arrhythmias? 
(irregularities in heart b e a t 
rhythm) Y/N 
A yes answer in Group A precludes 
furtherparticipationwithoutPhysician's 
written consent. 
GROUP C 
1. 
2. 
Do you smoke? 
Y/N 
Are you more than 
overweight? Y/N 
201bs. 
3. Are you now, or have been 
pregnant in the past 3 months? 
Y/N 
4. Are you presently taking any 
medication? Y / N 
IF YES'.State 
5. What is the present state of your 
g e n e r a l h e a l t h ? 
6. Do you presently engage in physical 
activity? Y / N 
GROUP B 
DO ANY OF THE FOLLOWING CONDITIONS 
APPLy Tu you? 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Fam^ history of heart problems? 
Any muscle, joint or back disorders 
that could be aggravated by exercise? 
IF YES: State ^ I H T " 
Do you experience difficulty with 
^hgsical exercise? 
Do you have any chronic illness? 
Y / N . ^ .. I F Y E S 
State 
Have you had recent surgery? 
^ Y/N 
Any history o ^ l ^ g problems? 
Have you been advised by a Physician 
not to exercise? 
Y/N 
Do you have high blood cholesterol? 
Y/N Don't know 
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Name: 
Date: Sex: Age: 
Person to contact in case of emergency: 
Name: Phone#: 
Physician's Name: 
Phone#: 
I hereby state that the answers given on page 
one to the questions are true to the best of 
my knowledge. 
Signed by: 
Dated: 
I have volunteered to participate in a programme of progressive physical exercise. 
The possibility of certain unusual changes during exercise does exist. They 
include: abnormal blood pressure, fainting, disorders of heart beat, and very rare 
instances of heart attack. Every effort will be made to minimize them by preliminary 
examination and by observations during situations which may arise. I hereby 
acknowledge and accept these risks. To my knowledge, I do not have any limiting 
physical condition or disability which would preclude an exercise programme. 
Signed by: 
Dated: 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
PHYSICIAN'S CONSENT 
(if required) 
Mr./Mrs./Ms. has medical approval to 
participate in a fitness programme which will include progressively increasing 
amounts of general conditioning exercises and jog^ng. I certify that the person 
whose name appears above is free from infectious disease, and there appears to be 
no reason why an exercise programme should not be undertaken. 
M.D. 
Physician's Signature Date 
Physician's Name: 
Physician's Address: 
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INFORMED CONSENT 
A FURTHER INVESTIGATION OF THE NET HEART RATE METHOD 
TO ESTIMATE THE OXYGEN COST OF OCCUPATIONAL ACTIVITY 
A research project conducted by Robert Hannam 
University of Wollongong 
Ethics Number HE 92/195 Approved 10th. November 1992 
I hereby acknowledge that the researcher has explained and provided me with 
a written description of the project and what is required of participants. I 
understand that I may withdraw at any time. The researcher has given an 
undertaking to respect the confidentiality of data collected and any pubUshed 
material resulting from this project will be so written to preserve that 
confidentiahty and anonymity to the extent that is possible. The project 
requires participation in moderate exercise and I understand there may be 
some risk associated with this If I am unfit or have undiagnosed health 
problems. 
I hereby give my informed consent to participate as a subject for this project. 
Signed: date: 
Witnessed by: 
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APPENDIX 4 
Sample heart rate data output 
p a g e 1 
!T1 m e ( m l n . ) 
PULSE RATE LIS UNÍ3 
: I 
Starting Ti me: 7 : 20 : 42 PH 
0 89 98 02 Ü2 06 01 84 07 82 82 84 
12 80 83 95 83 0E3 00 85 BB . 88 78 ,)•' 90 
24 81 82 93 77 112 96 97 87 79 99 • 89 
36 91. 109 88 101 07 06 04 86 81 85 B7 
48 92 94 05 85 03 90 95 87 90 , 89 102 
60 80 86 93 90 07 00 91 98 85 82 90 
72 92 87 79 no 95 B7 B5 B6 82 ' BB ' 86 
84 90 0 82 B1 02 00 01 08 81 91 89 
96 85 90 86 t30 0 07 93 82 B2 99 ' 83 
108 87 84 85 90 01 05 05 88 84 83 87 
120 82 79 79 t)0 70 79 00 80 lp2 87 92 
132 86 '94 91 »1 O-; 1 03 101 93 100 1 97 99 
144 93 92 . 89 98 97 92 92 96 85 90 . 93 • 
Copyrighj: b y P o l a r E l v c t r a l . I 
-, «. .. J ( -J»,.' • • V'̂ 'i« 
02r 
11 i 
ai;:«» 
9 2 - . m k ^ m 
S o u r c e t A s \ S U B J E C T 3 \ D A Y 2 N 0 N \ 0 3 - 3 0 - 9 3 
P r e s s s p a c e b a r t o d i s p l a y t h e r>£i>:t p a g e , 
D a t e 
j page 2 PULSE RATE LISTING 
•Time (min . ) 
156 105 103 
1 
93 92 93 92 105 
168 107 90 105 94 97 94 . 107 
180 105 106 106 100 100 99 , 00 
192 107 95 96 . 90 94 99 07 
^ ' 204 • '98 ' 86 90 103 95 91 97 
216 106 105 100 1 12 109 109 97 
228 100 105 90 102 125 102 104 
240 100 • 117 109 125 107 1 10 102 
252 101 98 • 103 100 90 104 112 
264 98 101 104 108 91 91 95 
276 94 93, 89 95 96 95 96 
288 91 92 • 93 101 99 97 96 
300 100 100 97 101 97 93 96 
312 lOS 100 1 07, 1 10 101 1 «>4 103 
324 104 101 94 97 95 92 
336 96 98 90 99 90 102 95 
C o p y r i g h t ' b y P o l a r E J e c t r o ' 
99. 
107 
103 
105 ,102 V 99 M. 104 
105 "99 ' 
9tì 106 
107,,..112 -
97 104̂ HI0I'/'̂  
109 107 ,99 ^ . 103 ( .99' 
105 103 i 105 : 
U104 
„ 105:, 103 
99 • 105 101 
107-107 
ìî hoi' - lOÔ Ì.! oQ .1" I ri** 1 oo t?; i-F 7 
103 ,112 
111 ' 96-
91 
99 
90 
96 
98 
95 
108 
95 
9á 
99 
9B 
102.j 106 
102 105 
100 
104 102 
93 91 
96 
94 97 
102 > 106 98 
lOl 
103 
103. t,;-;: 
B9 
S o u r c e : A : \ B U B J E C T 3 \ H A Y 2 M n N \ 0 3 - 3 0 - 9 3 
P r e s s s p a c e b a r t o d i s p l a y t h e n e x t p a g e , 
p a g e 3 
T i m e (.mln. ) 
PULSE RATE LISTING 
348 114 117 90 111 126 1 1 1 114 114 13B 
! , 360 126 119 116 113 115 1 15 112 119 116 
1 372 117 119 112 112 109 1 13 116 113 123 
t , 384 , 109 114 111 114 116 125 122 122 116 
396 103 106 109 103 99 96 109 104 103 
,, ' 408 100 98 99 103 102 105 101 104 103 1 
: 420 100 101 97 96 101 99 101 101 97 
{ 432 98 103 98 97 100 100 103 97 102 1 ' Final Ti mei 2 Í 42 ! 24 PN 
. , V r it 
106 103 120 V 
• • , : 
I •p3-?0-1993 D a t e « * » ' ' 
C o p y r i g h t b y Pol«r,El«i;tnoj^j 
8 ¡M34.I'; 133 " i z - r l M f e l M 
7]. lOl'jUOó'M^^^^ 
Vi 100 •:'95X,);:¡ 'te 99 
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Sample SAS output showing relationships of Vo2/GHR and 02Cost/NHR 
a ) Plot of relationship of against Gross Heart Rate for individual 
Subject No.6 during seated activities. 
fOUTPUTs 
Command ===> 
plot of vo2 against gross heart rate * 225 
subjects seated 11:22 Friday, May 7, 1993 
Plot of V02*GHR. Legend: A = 1 obs, B = 2 obs, etc. 
V02 I 
0.4 + 
0.3 + 
, 0.2 + c 
0.1 + 
c 
A A 
A 
B C 
B A 
53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 
GHR sZOOM ni' 
b ) Plot of relationship of 02 Cost against Net Heart Rate for subjects 1-9 
using pooled data during bracketed activities. 
cOUTPUTs 
Command ===> 
plot of o2cost against net heart rate 383 
pooled bracketed activities data subjects 1-9 13:24 Monday, May 10, 1993 
02C0ST 
4 + 
2 + 
Plot of 02C0ST*NHR. Legend: A 
(NOTE: 13 ofs had missing values. 
1 obs, B = 2 obs, etc 
123 obs hidden.) 
0 
A CADDG ABFEBJHGAC 
A AAFHD ABDBBHLGEDCACFEF CACEA 
A DAFNHHEQFGFFBFBCDABA AA 
A lERZZZZZZZWZZZOLDMBEFACBAA 
BDFIRPZZZVaaOJHOBCB AA 
- 2 0 20 40 60 80 
NHR 
100 
»ZOOM I niBi 
120 
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Values of r^ grouped by subject, activity and relationship 
pool 
seated 
^02/ghr 
02/nhr 
02/ghr 
0.21 0.32 
0.20 0.32 
0.20 0.32 
0.44 
0.40 
0.38 
*(see note below for explanation) 
0.00 0.00 
0.00 0.00 
0.00 0.00 
standing with light arm work 
V02/ghr 0.45 0.51 0.08 
02/nhr 0.45 0.51 0.08 
02/ghr 0.45 0.51 0.08 
0.35 
0.35 
0.35 
0.12 
0.12 
0.12 
0.44 
0.44 
0.44 
0.51 
0.51 
0.51 
0.09 
0.09 
0.09 
0.70 
0.70 
0.70 
0.03 
0.03 
0.03 
0.54 
0.54 
0.54 
0.27 
0.26 
0.26 
0.26 
0.26 
0.26 
0.02 
0.02 
0.00 
0.03 
0.13 
0.05 
step 
V02/ghr 
02/nhr 
02/ghr 
walk 
V02/ghr 
02/nhr 
02/ghr 
0.06 0.09 
0.06 0.09 
0.06 0.09 
0.07 0.29 
0.07 0.30 
0.07 0.30 
0.04 
0.04 
0.04 
0.16 
0.16 
0.16 
0.33 
0.33 
0.33 
0.58 
0.58 
0.58 
0.08 
0.08 
0.08 
0.23 
0.23 
0.23 
0.50 
0.50 
0.50 
0.54 
0.54 
0.54 
0.00 
0.00 
0.00 
0.35 
0.35 
0.35 
0.22 
0.22 
0.22 
0.46 
0.46 
0.46 
0.29 
0.29 
0.29 
0.17 
0.17 
0.17 
0.01 
0.00 
0.01 
0.07 
0.13 
0.11 
jog 
V02/ghr 
02/nhr 
02/ghr 
0.92 
0.92 
0.92 
0.65 
0.65 
0.65 
0.66 
0.66 
0.66 
bracketed activities 
V02/ghr 0.93 0.94 0.88 
02/nhr 0.93 0.94 0.88 
02/ghr 0.93 0.94 0.88 
0.86 
0.86 
0.86 
0.84 
0.84 
0.84 
0.95 0.93 
0.95 0.93 
0.95 0.93 
0.91 
0.91 
0.91 
0.91 
0.91 
0.91 
0.86 
0.86 
0.86 
0.92 
0.92 
0.92 
0.75 
0.75 
0.75 
0.95 
0.95 
0.95 
0.66 
0.66 
0.66 
0.88 
0.88 
0.88 
0.06 
0.14 
0.10 
0.74 
0.78 
0.75 
•Note: Values shown in this table have been rounded from four decimal places 
as calculated to two decimal places for display. The r^ values for the values 
underhned were: Subj.4 r^=0.0008, subj.5 r^=0.0044 
Legend: Pool = Pooled data 
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p values Prob> F for regression equations 
grouped by subject, activity and relationship 
V02/GHR 
SEAT STAND STEP WAT.K JOG BRACKET 
0.0368 0.0006 0.2917 0.2155 0.0001 0.0001 subjl 
0.0064 0.3077 0.1829 0.0115 0.0001 0.0001 subj2 
0.0008 0.1895 0.3626 0.0622 0.0001 0.0001 subjS 
0.9556 0.0916 0.0041 0.0001 0.0001 0.0001 subj4 
0.7636 0.0991 0.1804 0.0207 0.0001 0.0001 subjS 
0.0006 0.0002 0.0002 0.0001 0.0001 0.0001 subj6 
0.1539 0.0001 0.9401 0.0032 0.0001 0.0001 subjT 
0.4516 0.0001 0.0264 0.0005 0.0001 0.0001 sub] 8 
0.0072 0.0161 0.0101 0.0552 0.0001 0.0001 subj9 
0.0616 0.0182 0.1566 0.0001 0.0001 0.0001 pool 
02cost/NHR 
0.0396 0.0006 0.2851 0.2155 0.0001 0.0001 subjl 
0.0062 0.3077 0.1829 0.0099 0.0001 0.0001 subj2 
0.0016 0.1895 0.3626 0.0622 0.0001 0.0001 subjS 
0.8977 0.0916 0.0041 0.0001 0.0001 0.0001 subj4 
0.7636 0.0991 0.1804 0.0207 0.0001 0.0001 subjS 
0.0006 0.0002 0.0002 0.0001 0.0001 0.0001 subj6 
0.1539 0.0001 0.9401 0.0032 0.0001 0.0001 subjT 
0.4516 0.0001 0.0833 0.0005 0.0001 0.0001 subjS 
0.0090 0.0161 0.0101 0.0552 0.0001 0.0001 subj9 
0.0583 0.0001 0.3559 0.0001 0.0001 0.0001 pool 
02cost/GHR 
0.0396 0.0006 0.2851 0.2155 0.0001 0.0001 subjl 
0.0062 0.3079 0.1829 0.0102 0.0001 0.0001 subj2 
0.0022 0.1895 0.3626 0.0622 0.0001 0.0001 subjS 
0.8977 0.0916 0.0041 0.0001 0.0001 0,0001 sub] 4 
0.7636 0.0991 0.1804 0.0207 0.0001 0.0001 subjS 
0.0006 0.0002 0.0002 0.0001 0.0001 0.0001 subj6 
0.1539 0.0001 0.9401 0.0032 0.0001 0.0001 subj7 
0.4516 0.0001 0.0264 0.0005 0.0001 0.0001 subj8 
0.0090 0.0161 0.0101 0.0552 0.0001 0.0001 subj9 
0.3169 0.0014 0.2680 0.0001 0.0001 0.0001 pool 
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Summary of intercepts and slojies grouped by variables and activities. 
SEATED 
V02/GHR 
intercept slope 
Subjl 
Subj2 
Subj3 
Subj4 
SubjS 
Subj6 
Subj7 
SubjS 
Subj9 
Mean 
Pool 
0.949311 -
-1.198234 
-1.664800 
0.310211 
0.289471 
-0.169906 
0.030764 
0.036439 
-0.132823 
-0.172175 
0.249072 
0.007397 
0.022465 
0.022122 
0.000172 
0.002144 
0.007392 
0.005419 
0.003579 
0.005815 
0.006857 
0.001254 
02C0ST/NHR 
intercept slope 
0.091559 
-0.112601 
-0.225771 
0.077318 
0.040128 
0.012132 
-0.006070 
-0.087096 
-0.018039 
-0.025382 
0.020445 
-0.007338 
0.022492 
0.024780 
0.000414 
0.002144 
0.007392 
0.005419 
0.003597 
0.005604 
0.007167 
0.001754 
02C0ST/GHR 
intercept slope 
0.632387 
-1.480091 
-2.170743 
0.051695 
-0.100529 
-0.429906 
-0.299236 
-0.283561 
-0.409170 
-0.498795 
-0.010726 
-0.007338 
0.022492 
0.024231 
0.000414 
0.002144 
0.007392 
0.005419 
0.003597 
0.005604 
0.007106 
0.000648 
STANDING WITH LIGHT ARM WORK 
V02/GHR 
intercept slope 
Subjl 
Subj2 
SubjS 
Subj4 
SubjS 
Subj6 
Subj7 
SubjS 
Subj9 
Mean 
Pool 
-0.667635 
0.427950 
-0.936074 
-2.748894 
-0.682946 
-0.517213 
-1.995979 
-1.716309 
-1.258549 
-1.122850 
0.661072 
0.013428 
0.003897 
0.016659 
0.040111 
0.018156 
0.012240 
0.033021 
0.027168 
0.020652 
0.020592 
0.001254 
02C0ST/NHR 
intercept slope 
0.002007 
0.384900 
0.105788 
-0.506046 
0.118082 
-0.045232 
-0.539533 
-0.544766 
-0.107054 
-1.131854 
0.407987 
0.013428 
0.003897 
0.016659 
0.040111 
0.018156 
0.012240 
0.033021 
0.027168 
0.020652 
0.020592 
0.005175 
02C0ST/GHR 
intercept slope 
-0.987635 
0.147950 
-1.236074 
-2.988894 
-1.072946 
-0.777213 
-2.325979 
-2.036309 
-1.548549 
-1.425072 
0.295894 
0.013428 
0.003897 
0.016659 
0.040111 
0.018156 
0.012240 
0.033021 
0.027168 
0.020652 
0.020592 
0.002948 
STEP 
Subjl 
Subj2 
SubjS 
Subj4 
SubjS 
Subj6 
Subj7 
SubjS 
SubjS 
Mean 
Pool 
V02/GHR 
intercept slope 
0.027435 
-1.261661 
-0.887669 
-0.898546 
3.224184 
-0.565705 
1.104483 
-0.998521 
-0.871079 
-0.125231 
1.142251 
0.008313 
0.026643 
0.018620 
0.021454 
-0.024911 
0.014504 
- 0.000530 
0.021501 
0.019694 
0.011699 
-0.001799 
02C0ST/NHR 
intercept slope 
0.325517 
0.078240 
0.312143 
0.189457 
1.200024 
0.041649 
0.745826 
0.228201 
0.213592 
0.370517 
0.645281 
0.008466 
0.026643 
0.018620 
0.021454 
-0.024911 
0.014504 
-0.000530 
0.012006 
0.019694 
0.010661 
0.000953 
02C0ST/GHR 
intercept slope 
-0.298456 
-1.541661 
-1.187669 
-1.138546 
2.834184 
-0.825705 
0.774483 
-1.318521 
-1.161079 
-o.429219 
0.794468 
0.008466 
0.026643 
0.018620 
0.021454 
-0.024911 
0.014504 
- 0.000530 
0.021501 
0.019694 
0.011716 
-0.001308 
Hannam 53 
WALKING 
V02/GHR 
intercept slope 
02C0ST/NHR 
intercept slope 
02C0ST/GHR 
intercept slope 
Subjl 0, 029376 0,009514 
Subj2 -0 .972838 0.024823 
Subj3 -4 .145881 0.048825 
Subj4 -1 .061893 0.026148 
SubjS -1 .375379 0.029113 
Subj6 -1 .276678 0.021505 
SubjT -1 .080819 0.025918 
SubjS -2 .424975 0.036451 
Subj9 -0 .503008 0.017230 
Mean -1 . 423566 0.026614 
Pool 0.1 572124 0.007115 
0,420541 
0.217741 
-0,513034 
0.316687 
0.144428 
-0.250669 
-0.008650 
-0.743837 
0.409635 
-0.000795 
0.624101 
0.009514 
0.025612 
0.048825 
0.026148 
0.029113 
0.021505 
0.025918 
0.036451 
0.017230 
0.026702 
0.009890 
-0.280624 
-1.295959 
-4.445881 
-1.301893 
-1.765379 
-1.536678 
-1.410819 
-2.744975 
-0.793008 
-1.730580 
0.017679 
0.009514 
0.025215 
0.048825 
0.026148 
0.029113 
0.021505 
0.025918 
0.036451 
0.017230 
0.026658 
0.009577 
JOGGING 
V02/GHR 
intercept slope 
02C0ST/NHR 
intercept slope 
02C0ST/GHR 
intercept slope 
Subjl 
Subj2 
SubjS 
Subj4 
SubjS 
Subj6 
Subj7 
SubjS 
Subj9 
Mean 
Pool 
-2 .062026 0.026753 -0. .400325 0.026753 -2 .372026 0.026753 
-1. 522539 0.028632 -0. .061703 0.028632 -1 .802539 0.028632 
-10 .783772 0.095150 -3, .408400 0.094948 -11,056430 0.094948 
-2. 963801 0.037700 -0. .870192 0.037700 -3. .203801 0.037700 
-4. 905632 0.061392 -1, .272198 0.061448 -5, .295632 0.061392 
-2. 693794 0.030249 -1. .144934 0.030249 -2, .953794 0.030249 
-2, ,233047 0.035943 -0. .618524 0.035943 -2, .563047 0.035943 
-5. ,211592 0.056295 -2. .440993 0.056295 -5. .531592 0.056295 
-1. ,823206 0.027359 -0. .203558 0.027359 -2, .113206 0.027359 
-3 . 799934 0.044386 -1. .157870 0.044370 -4. .099119 0.044363 
1. 298766 0.008094 1. 300929 0.010842 0. 765367 0.009700 
V02/GHR 
intercept slope 
BRACKETED ACTIVITIES 
02C0ST/NHR 
intercept slope 
Subjl -1 .752290 0.024665 
Subj2 -1 ,586937 0.029349 
Subj3 -3 .232795 0.039937 
Subj4 -1 .703675 0.030040 
SubjS -2 .841819 0.044662 
Subj6 -0 .969907 0.018611 
Subj7 -1 .545704 0.029596 
SubjS -2 .547440 0.037160 
Subj9 -1 .456647 0.024793 
Mean -1 , 959690 0.030979 
Pool -1 .418104 0.025471 
•0.245440 
•0.083012 
•0.326845 
•0.084704 
•0.301936 
•0.116957 
•0.274546 
•0.816288 
•0.017146 
•0.251875 
•0.105464 
0.024681 
0.029348 
0.040191 
0.030048 
0.044658 
0.018611 
0.029596 
0.036989 
0.024811 
0.030993 
0.026218 
02C0ST/GHR 
intercept slope 
•2.064464 
•1.867080 
•3.560499 
•1.944680 
•3.231819 
•1.229907 
•1.875704 
•2.867440 
•1.748971 
•2.265618 
•1.743640 
0.024681 
0.029348 
0.040161 
0.030048 
0.044662 
0.018611 
0.029596 
0.037160 
0.024811 
0.031009 
0.025683 
